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CHRONIC TOXICITY SUMMARY

HEXAVALENT CHROMIUM
(SOLUBLE COMPOUNDS)

Molecular
Formula

Molecular
Weight Synonyms

CAS Registry
Number

CrO3 99.99 g/mol Chromic trioxide, chromium oxide,
chromium trioxide, chromium (VI)
oxide.  (In acid aqueous solutions,
exists as H2CrO4 – “chromic acid”)

1333-82-0

K2CrO4 194.20 g/mol Potassium chromate, dipotassium
chromate, potassium (VI) chromate,
dipotassium monochromate,
chromate of potash

7789-00-6

Li2CrO4 129.87 g/mol Lithium chromate, chromium lithium
oxide, chromic acid dilithium salt,
lithium chromate (VI)

14307-35-8

Na2CrO4 161.97 g/mol Sodium chromate, chromic acid
disodium salt, chromium disodium
oxide, sodium chromate (VI),
chromate of soda

7775-11-3

K2Cr2O7 294.20 g/mol Potassium dichromate, dichromic acid
dipotassium salt, bichromate of
potash

7778-50-9

Na2Cr2O7 261.96 g/mol Sodium dichromate, bichromate of
sodium, dichromic acid disodium
salt, chromium sodium oxide

10588-01-9

I. Chronic Toxicity Summary

A. Soluble Hexavalent Chromium Compounds (except chromic trioxide)

Inhalation reference exposure level 0.2 µg Cr(VI)/m3

Critical effect(s) Bronchoalveolar hyperplasia in lungs of rats
Hazard index target(s) Respiratory system
Oral reference exposure level 0.02 mg Cr(VI)/kg/day
Critical effect(s) Red blood cell effects (decreased mean

corpuscular volume (MCV) and mean
corpuscular hemoglobin (MCH)) in mice

Hazard index target(s) Hematopoietic system
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B.  Chromic Trioxide (as chromic acid mist)

Inhalation reference exposure level 0.002 µg Cr(VI)/m3

Critical effect(s) Respiratory effects (nasal atrophy, nasal mucosal
ulcerations, nasal septal perforations, transient
pulmonary function changes) in human
occupational study

Hazard index target(s) Respiratory system

II. Physical and Chemical Properties (HSDB, 2000; CRC, 1994)

Description CrO3: dark red or brown crystals, flakes, or
powder, exists as chromic acid (H2CrO4) in
solution;

K2CrO4, Na2CrO4: yellow crystals;
K2Cr2O7, Na2Cr2O7: orange-red crystals;
Li2CrO4: yellow crystalline powder

Molecular formula See above
Molecular weight See above
Density CrO3: 2.70 g/cm3 @ 25°C
Boiling point CrO3: decomposes (temperature not available);

K2Cr2O7: 500 °C with decomposition;
Na2Cr2O7: 400 °C

Melting point CrO3: 197 °C;
K2CrO4: 975 °C;
Na2CrO4: 792 °C;
K2Cr2O7: 398 °C;
Na2Cr2O7: 356.7 °C

Vapor pressure Not applicable
Solubility CrO3: soluble in water, ethyl alcohol, ethyl ether,

sulfuric and nitric acid;
K2CrO4, K2Cr2O7, Na2Cr2O7: soluble in water,

insoluble in ethyl alcohol;
Na2CrO4: soluble in water, slightly soluble in

ethyl alcohol;
Li2CrO4: soluble in water and ethyl alcohol

Conversion factor Not applicable for particulates and mists

III. Major Uses or Sources

Hexavalent chromium (Cr(VI)) is considerably more toxic than trivalent chromium (Cr(III)), the
form most commonly found naturally (ATSDR, 1993).  Cr(VI) is generally produced by
industrial processes.  While more information is available on the toxicity of soluble Cr(VI)
compounds, information on poorly soluble Cr(VI) compounds has been included where
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applicable.  In California, the major emission source of Cr(VI)  results from the chrome plating
industry (CARB, 1997).  Chromic acid, used to electroplate metal parts, is the most common
Cr(VI) compound produced in the U.S. (ATSDR, 1998).  Chromic acid is also registered as a
fungicide and pesticide in California for use in wood and lumber protection treatments (CDPR,
1998).  Chromic acid solutions used for this purpose in the most recent year of reporting (1998)
was 71,109 lbs.  Minute emissions of Cr(VI) may result from lead chromate in paint used for
road striping and from coatings in the aerospace and auto refinishing industries, although uses of
Cr(IV)-containing coatings by these industries in California are decreasing (CARB, 1997 and
1988).  Use of Cr(VI) as a corrosion inhibitor in cooling tower water is prohibited in California,
and recently, in the remainder of the U.S. as well.  Fuel combustion releases trace amounts of
chromium (CARB, 1988).  Most, if not all, of this emitted chromium is in the Cr(III) state.  In
the chromium ferroalloy industry, sodium chromate and dichromate can be produced from
imported chromite (Cr(III)) ore.  However, no such facilities in California have reported
production or emission of these Cr(VI) compounds.

Primary routes of potential human exposure to chromium compounds are inhalation, ingestion,
and dermal contact.  Exposure to chromic acid is most often in the form of a mist; exposure to
other soluble forms of Cr(VI) is as components of aerosols or particulate matter.  The physical,
chemical, and potency differences between Cr(VI) dusts and chromic acid mists necessitated the
development of separate RELs for each.  Environmental exposures would most likely occur
through exposure to Cr(VI) dusts (U.S. EPA, 1998).  Cr(VI) may persist in water as water-
soluble complex anions.  However, any Cr(VI) settling in the soil or water is expected to be
eventually reduced to Cr(III) by organic matter.  The South Coast Air Quality Management
District (SCAQMD, 2000) detected ambient levels of hexavalent chromium ranging from 0.0001
to 0.0003 µg/m3 at 10 stationary monitors placed throughout the South Coast Air Basin.  The
annual statewide industrial emissions from facilities reporting under the Air Toxics Hot Spots
Act in California based on the most recent inventory were estimated to be 2311 pounds of
hexavalent chromium (CARB, 2000).

IV. Effects of Human Exposure

Cr(VI) forms oxyanions at physiological pH (CrO4
−2), which are quite similar to sulfate (SO4

-2)
and phosphate (HPO4

-3) anions.  Therefore, it is able to penetrate virtually every cell in the body
because all cells transport sulfate and phosphate (Costa, 1997).  Harmful effects are speculated to
be related to the reduction of Cr(VI) to Cr(III) intracellularly when it crosses the cell membrane
and forms complexes with intracellular macromolecules.  Thus, Cr(VI) compounds have the
potential to injure numerous organ systems.  Toxicity following chronic Cr(VI) exposure has
been reported in the respiratory tract, gastrointestinal system, eyes and conjunctiva, kidney, and
hematopoietic system.  Cr(VI) is corrosive and exposure to chromic acid mists may cause
chronic skin ulcerations and upper respiratory lesions (U.S. EPA, 1998).  In addition, allergic
skin and respiratory reactions can occur with no relation to dose.

Nasal tissue damage has been frequently observed in chromium plating workers exposed
chronically to chromic acid mists (Bloomfield and Blum, 1928; Vigliani and Zurlo, 1955;
Kleinfeld and Rosso, 1965; Gomes, 1972; Sorahan et al., 1998).  However, workers in the
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chromate extraction and ferrochromium industry, exposed to particulates containing soluble
Cr(VI) compounds, have also reported nasal lesions (Mancuso, 1951; Federal Security Agency,
1953; Machle and Gregorius, 1948; Wang et al., 1994; Walsh, 1953).  Other less frequent
mucous membrane injuries have been reported in workers exposed to chromate dust and chromic
acid including sinusitis, laryngitis, conjunctivitis, and oral ulcerations (Mancuso, 1951; Federal
Security Agency, 1953; Johansen et al., 1994).  Nasal lesions include perforated septum,
ulcerated septum, nasal atrophy, nosebleed, and inflamed mucosa following exposure to air
chromium levels of about 0.1 to 5.6 mg/m3.  Exposure duration, when reported, ranged from 2
weeks to 25 years.  However, there were problems in quantifying the effect for the above studies.
The difficulties were primarily lack of adequate methods or data for determining exposure
duration and/or exposure levels.  The occupational studies summarized below provide the most
reliable estimates of inhalation durations and concentrations resulting in chronic toxicity.

Workers exposed to >2 µg/m3 Cr(VI) as chromic acid exhibited an increased incidence of nasal
atrophy, nasal mucosal ulcerations, and nasal septal perforations as compared to controls
(Lindberg and Hedenstierna, 1983).  Workers exposed to less than 2 µg/m3 (expressed as < 1.9
µg/m3) exhibited an increased incidence of irritated nasal mucosa and nasal atrophy compared to
controls.  The median exposure time of exposed workers was 2.5 years (range = 0.2-23.6 years).
Frequency of throat and chest symptoms was similar to that of controls.  The same study
reported statistically significant decreases in forced expiratory volume in 1 second (FEV1),
forced vital capacity (FVC), and mean forced expiratory flow during the middle of the FVC in 1
second (FEF25-75) measurements taken on a Thursday afternoon as compared to those taken on a
Monday morning in nonsmoking workers exposed to 2 µg/m3 Cr(VI) or more.  Similar changes
were observed in the smokers although only the difference in the FVC measured on a Thursday
was statistically significant.  No significant differences were observed between pulmonary
function measurements of exposed and unexposed workers taken on a Monday morning (prior to
a work week of exposure).  Thus the authors infer that the observed pulmonary function changes
are transient.

Nasal lesions were observed in 35 of 37 chrome platers exposed to a mean breathing zone
concentration of 7.1 µg/m3 (range = 1.4-49.3 µg/m3) total chromium for an average of 2.2 years
(range = 1.2 weeks-11 years) (Cohen et al., 1974).  Actual exposure to Cr(VI) averaged 2.9
µg/m3 (range = 0.09-9.1 µg/m3).  Workers employed more than one year had significantly
greater nasal pathology than workers employed one year or less.  Due to poor personal hygiene
habits of the exposed workers, a ‘direct contact’ etiology may explain some of the nasal lesions.

Urinary levels of β2-microglobulin in 24 chrome platers increased in dose-dependent fashion
with increasing intensity of exposure to Cr(VI), indicating a nephrotoxic effect resulting from
inhalation of Cr(VI) (Lindberg and Vesterberg, 1983).  The 8-hr mean Cr(VI) levels ranged from
2 to 20 µg/m3 and averaged 6 µg/m3.  Total exposure times ranged from 0.1 to 26 years and
averaged 5.3 years.  Most of the 24 chrome workers had irritation symptoms of the airways.  As
a group, the chrome platers had significantly higher levels of urinary β2-microglobulin compared
to a group of 27 referents.  Comparison of 27 referents to a group of 27 ex-chrome-platers found
no difference in urinary β2-microglobulin levels, even though seven of the ex-chrome-platers had
a permanent perforation of their nasal septum (indicating past exposure to high levels of Cr(VI)).
There was no correlation between total exposure time and urinary β2-microglobulin levels.
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Urinary albumin levels remained unchanged in the Cr(VI)-exposed group.  The results suggest
that the nephrotoxic effects are reversible at the exposure levels studied.

Gastritis and duodenal ulcers, in addition to ulceration and perforation of the nasal septum, were
observed in chrome platers exposed to a mean breathing zone concentration of 4 µg/m3 chromic
acid for an average of 7.5 years (Lucas and Kramkowski, 1975).

Male workers in the chromate and dichromate production industry, whose occupational
exposures were 0.05-1.0 mg Cr(VI)/m3 as chromium trioxide for a mean of 7 years, were
reported to have elevated levels of low molecular weight proteins (retinol binding protein and
tubular antigens) in the urine (Franchini and Mutti, 1988).  The authors suggest that the presence
of such proteins in the urine is an early indicator of kidney damage.

The respiratory health of workers exposed to low levels of dusts containing Cr(VI) was
investigated at a stainless steel production plant (Huvinen et al., 1996).  The data were presented
as total chromium exposure and Cr(VI) exposure.  A combined total of 109 exposed workers in
the furnace department (median Cr(VI) exposure approximately 0.075-0.45 µg/m3) and the steel
smelting shop (average Cr(VI) exposure 0.5 µg/m3) was compared to a control group of 95
workers that worked in the cold rolling mill.  Total work exposure duration was 16.0 years
(range: 8-26 years).  No significant differences in lung function tests and radiological findings
were observed between exposed and control workers.  After controlling for age and smoking, no
differences were observed for the prevalence of rhinitis, eye irritation, or respiratory symptoms
between the two groups.

In a study summarized by U.S. EPA (1998), oral ulcers, diarrhea, stomach ache, indigestion,
leukocytosis and vomiting were reported among a group of 155 Chinese villagers exposed to
contaminated well-water containing 20 mg/L Cr(VI) in 1965 (Zhang and XiLin, 1987).
However, precise exposure concentrations, exposure durations, and confounding factors were not
provided.  A follow-up study to assess cancer mortality reported that the average Cr(VI)
concentration in 1965 from 170 wells of the most impacted village was only 2.6 ppm, and
maximum levels did not exceed 5 ppm (Zhang and Li, 1997).  Non-cancer effects were not
presented and the apparent discrepancy in water levels of Cr(VI) with the earlier study was not
discussed.

V. Effects of Animal Exposure

Exposure of C57BL/6 mice to 0 or 13 mg/m3 CaCrO4 dust (about 136 animals/sex/group) 5
hr/day, 5 days/wk for life resulted in emphysema-like changes of the lung, ‘bronchiolarization’
of the alveoli, and epithelial necrosis, marked hyperplasia, and atrophy of the bronchi in treated
mice (Nettesheim et al., 1971).  Other non-cancer histopathological findings in exposed mice
included atrophy of the lymph nodes, spleen, and liver, and occasional small ulcerations of the
stomach and intestinal mucosa.  Cessation of body weight gain in both sexes was observed
following the sixth month of exposure to  the chromate dust.
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Glaser et al. (1986) exposed 20 male Wistar rats/group to 25, 50, and 100 µg/m3 aerosolized
sodium dichromate solution and to 100 µg/m3 of a pyrolyzed Cr(VI)/Cr(III) (3:2) oxide dust
mixture 22-23 hr/day for 18 months.  Observation in filtered air continued for another 12 months
thereafter.  A control group consisted of 40 rats.  Mortality and body weights were unaffected by
treatment.  Lung chromium retention at the end of the study was 10-fold greater in rats exposed
to the slightly water soluble chromium oxide mixture compared to high dose rats exposed to
water-soluble sodium dichromate.  No clinical signs of irritation were observed in any group.
No hematological effects were noted in rats exposed to sodium dichromate.  Rats exposed to the
chromium oxide mixture had a significantly elevated white blood cell count at the 17th and 18th

month, and significantly elevated red blood cells, hematocrits, and hemoglobin levels at the 27th

month.  Mean serum content of total immunoglobulin was significantly reduced in this group at 6
months exposure.  Significantly increased lung weights were observed in chromium oxide-
exposed rats, and for livers of sodium dichromate-exposed rats at the highest dose.  Pigment-
loaded macrophages were found in the sodium dichromate-exposed rats in a dose dependent
manner and also in the chromium oxide group.  Chromium oxide-exposed rats also developed
focal thickened septa, partially combined with interstitial fibrosis and accumulation of
eosinophilic substance in the alveolar lumens.  The authors concluded that the hematological and
pulmonary effects may be due to Cr-accumulation in the lungs and to depressed lung clearance
function.

Rats exposed to 200 µg/m3 Cr(VI) as aerosolized sodium dichromate by inhalation for 22 hours
per day for 42 days exhibited decreased alveolar macrophage phagocytic activity; the lung
clearance of inert iron oxide was significantly reduced in exposed rats compared to controls
(Glaser et al., 1985).  Increased alveolar macrophage activity and a significantly elevated
antibody response to injected sheep red blood cells were observed in rats exposed to 25 or 50
µg/m3 Cr(VI) for 22 hours per day for 28 days.  Ninety day exposure under the same exposure
protocol resulted in increased rat lung and spleen weights at 50, 100 and 200 µg/m3, but not 25
µg/m3 (Glaser et al., 1985).  Histopathology of major organs was similar among all groups.
Bronchoalveolar lavage fluid contained decreased macrophage cell counts above 25 µg/m3.
Increased antibody response to injected sheep red blood cells was observed in all treatment
groups, while alveolar macrophage activity was elevated at 25 and 50 µg/m3, but was
significantly reduced at 200 µg/m3.

A later experiment exposed male rats to 0, 50, 100, 200, or 400 µg Cr/m3 22 hours per day, 7
days per week for 90 days (Glaser et al., 1990).  Average measured concentrations were 0, 54,
109, 204, and 403 µg Cr/m3, respectively.  Subacute respiratory dyspnea and reduction in body
weight gain were observed at the two highest exposures.  Mean white blood cell count increased
in a dose-dependent manner among treated rats, but returned to normal 30 days following
cessation of exposure.  Histopathological examination revealed histiocytosis (macrophage
accumulation) in all treatment groups (Table 1).  Bronchoalveolar lavage fluid (BALF) contained
elevated levels of albumin, lactate dehydrogenase (LDH), and total protein in all exposed groups.
Statistically significant elevations in these parameters were observed mainly in the 200 and
400 µg/m3 exposure groups.  At necropsy, a statistically significant increase in lung weight (g
dry wt/kg body wt) was observed in rats exposed to 100, 200, and 400 µg/m3 as compared to
controls.  Lung weights were still significantly elevated in the three highest exposure groups 30
days following cessation of exposure.  An analysis of the data (Malsch et al., 1994) determined a
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benchmark dose (95% confidence interval with dose associated with a 10% elevation in the
parameter) for each of these endpoints.  The analysis also examined changes in lung and spleen
weight reported in Glaser et al. (1985).  The most sensitive endpoint was LDH in BALF.

Table 1. Key bronchoalveolar lavage fluid (BALF) and histopathological findings after 90 days
exposure to sodium dichromate (Glaser et al., 1990).

µg Cr/m3

Total Protein
in BALFa

(mg/L)
Albumin in
BALF (mg/L)

LDH
in BALF
 (U/L)

Broncho-
alveolar

Hyperplasia
Lung

Histiocytosis

Right lung
dry weight
(g/kg BW)

0 226+30 77+13 29+5 0/10 2/10 0.44± 0.03
50 396+79** 115+23** 34+3* 3/10 9/10 0.48±0.05
100 326+35** 86+13 31+4 2/10 10/10 0.50±0.06*
200 703+178** 117+20** 63+11** 3/10 9/10 0.55±0.04**
400 975+246** 184+59** 83+17** 7/10 10/10 0.65±0.05**

a  All BALF parameters are mean + SD, n = 10/group
* p < 0.05; ** p < 0.001: comparison of exposed groups vs. controls

Cohen et al. (1998) investigated the immunotoxicologic effects of inhaled chromium by
exposing F-344 rats (10/group/exposure duration) nose-only to 0 and 360 µg/m3 potassium
chromate 5 hr/day, 5 days/week for 2 or 4 weeks.  Exposed rats had greater levels of total
recoverable cells, neutrophils, and monocytes in bronchopulmonary lavage compared to controls
at 2 and/or 4 weeks.  Pulmonary macrophages (PM) were reduced, although total PM levels
remained unaffected.  Four-week exposure to potassium chromate also resulted in modulated
PM-inducible interleukins-1 and –6, and tumor necrosis factor-α, and increased PM basal nitric
oxide production and interferon-γ-primed/zymosan-stimulated reactive oxygen intermediate
production.

Nasal septal perforation, hyperplastic and metaplastic changes in the larynx, trachea, and
bronchus, and emphysema were observed in mice exposed two days per week for 12 months to
CrO3 mist (Adachi, 1987; Adachi et al., 1986).  Chromic acid concentrations were either 3.63
mg/m3 for 30 minutes per day or 1.81 mg/m3 for 120 minutes per day.  An additional 20 mice
exposed to 1.81 mg/m3 were necropsied 6 months after the last exposure.  Lesions of the nasal
septum, trachea, and lungs were still evident in some mice.

The investigators of the toxicity studies summarized below administered soluble Cr(VI)
compounds to experimental animals by the oral route.

Groups of eight male and eight female Sprague-Dawley rats were supplied with drinking water
containing 0-11 ppm (0-11 mg/L) Cr(VI), as K2CrO4, for 1 year (Mackenzie et al., 1958).  The
control group (10/sex) received distilled water.  A second experiment involved three groups of
12 male and 9 female rats.  One group was given 25 ppm (25 mg/L) Cr(VI); a second received
25 ppm chromium in the form of chromic chloride; and the controls received distilled water.  For
rats treated with 0-11 ppm (in the diet), hematological determinations (red and white blood cell
counts, differential white cell counts, and hemoglobin) were performed monthly, and tissues
(livers, kidneys and femurs) were examined at 6 months and 1 year.  Spleens were also examined



Determination of Noncancer Chronic Reference Exposure Levels  Batch 2A  December 2000

A - 73
Chromium VI

at 1 year.  The 25 ppm groups (and corresponding controls) were examined similarly, except that
no animals were killed at 6 months.  No significant adverse effects were seen in appearance,
weight gain, or food consumption, and there were no treatment-related effects regarding
hematological parameters or other tissues in any treatment group.  The rats receiving 25 ppm
Cr(VI) showed an approximate 20% reduction in water consumption.  This dose corresponds to
2.4 mg Cr(VI)/kg/day based on actual body weight and water consumption data.  An abrupt rise
in tissue chromium concentrations was noted in rats treated with greater than 5 ppm.  The
authors stated that “apparently, tissues can accumulate considerable quantities of chromium
before pathological changes result.”  In the 25 ppm treatment groups, tissue concentrations of
chromium were approximately 9 times higher for those treated with hexavalent chromium than
for the trivalent group.

Anwar et al. (1961) observed no significant effects in groups of female dogs (2/dose group)
given 0, 0.45, 2.25, 4.5, 6.75, or 11.2 ppm Cr(VI) (as K2CrO4) in drinking water for 4 years.  The
calculated doses ranged from 0.012-0.30 mg/kg of Cr(VI).

Numerous rodent studies have been recently undertaken to investigate the reproductive and
developmental effects of Cr(VI) exposure via the drinking water (Trivedi et al., 1989; Junaid et
al., 1995; Murthy et al., 1996; Junaid et al., 1996a; Junaid et al., 1996b; Kanojia et al., 1996;
Elbetieha and Al-Hamood, 1997; Al-Hamood et al., 1998; Kanojia et al., 1998).  Exposure
concentrations ranged from 250 to 5000 ppm for durations as short as five days during gestation
to as long as 3 months pre-gestational exposure.  In general, the longer exposures resulted in
more serious reproductive and developmental effects.

Kanojia et al. (1998) administered 0, 250, 500, and 750 ppm potassium dichromate via drinking
water to female Druckrey strain rats for 90 days prior to gestation.  Based on daily water intake
and final body weights, the estimated daily Cr(VI) intake was 33, 68, and 98 mg/kg-day,
respectively.  Ten to 15% mortality, hair loss, lethargy, aggressiveness and a significant
reduction in body weight gain were observed in rats at the two highest doses.  While not
statistically significant, weight of the low dose rats were 32% lower than controls.  All treated
rats were acyclic at the end of the 90 day exposure period and an additional 15-20 days without
Cr(VI) exposure were needed for the estrus cycle to start.  Mating and fertility indexes decreased
with increasing Cr(VI) intake.  Ten rats/group were sacrificed on day 19 of gestation for
fetotoxicity assessment.  Significantly reduced fetal weight and increased pre- and post-
implantation loss occurred at all dose levels.  Gross and skeletal abnormalities in low dose
fetuses included subdermal hemorrhagic patches, drooping wrists, and reduced caudal bone
ossification.  No gross visceral abnormalities were seen in treated groups.

Administration of potassium dichromate to rats (Kanojia et al., 1996) and mice (Junaid et al.,
1996a) in drinking water at concentrations of 250, 500, and 750 ppm for 20 days prior to
gestation resulted in increased post-implantation loss and decreased placental weight in both
species at the lowest dose.  Also at this dose level, decreased fetal weight and crown-rump length
were observed in mice, and increased resorptions and decreased number of live fetuses were
observed in rats.  Gross and skeletal abnormalities were observed in both species beginning at
the 500 ppm dose level.
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Groups of Sprague-Dawley rats (NTP, 1996a) and BALB/C mice (NTP, 1996b) were
administered potassium dichromate in their diet at 0, 15, 50, 100, or 400 ppm for 9 weeks (24
males and 48 females/species/group) followed by a recovery period of 8 weeks.  Average Cr(VI)
consumption for male/female rats were 1/1, 3/3, 6/7, and 24/28 mg/kg-day, respectively.
Average Cr(VI) consumption for male/female mice were 3/5, 10/16, 21/34, and 92/137 mg/kg-
day, respectively.  Six males and 12 females of both species were necropsied after 3, 6, or 9
weeks of treatment or after the full recovery period.  There was no treatment-related
histopathology observed in kidneys, ovaries, and testes in either species.  Hematological analysis
revealed slight decreases in mean corpuscular volume (MCV) and mean corpuscular hemoglobin
(MCH) at the highest dose in both species, which is indicative of iron deficiency.  MCV and
MCH were normal in these groups following the 8-week recovery period.  Microscopic
evaluation of the livers of mice noted cytoplasmic vacuolization of hepatocytes in treated
animals beginning at 50 ppm.  Also in mice, there was a slight decrease in mean body weights in
the 400 ppm males (5-9%) and females (4%) and the 100 ppm females (2-4%) during the dosing
periods.  Feed consumption by mice was generally increased in all treated groups, particularly
the 400 ppm males and females.  During the recovery period, feed consumption was comparable
across groups.

The NTP (1997) investigated the potential reproductive toxicity of Cr(VI) in mice using the
Reproductive Assessment by Continuous Breeding protocol.  Groups of 20 male and female
pairs of BALB/c mice (F0) were exposed to 0, 100, 200, and 400 ppm potassium dichromate in
their diet during the continuous breeding phase (approximately 12 weeks).  F1 generation litters
received the same concentration of Cr(VI) in their diet as their F0 parents and were used for
assessment of second generation reproductive toxicity at sexual maturity.  There were no
treatment-related changes in any of the reproductive parameters in this study.  In F1 mice, the
MCV was slightly decreased in males at the two highest doses, and slightly decreased in females
in all dose groups.  MCH and hemoglobin were slightly reduced in high dose males and high
dose females, respectively.  Mean body weights of the high dose F0 and F1 animals were slightly
decreased, and mean food consumption in the F1 mice was elevated.  Reduced mean absolute
liver weights were observed in 400 ppm F0 mice of both sexes.  The mean calculated doses were
19.4, 38.6, and 85.7 mg/kg-day for F0 males and females and 22.4, 45.5, and 104.9 mg/kg-day
for F1 males and females in the 100, 200, and 400 ppm dose groups, respectively.

In an investigation of the spermatogenic and steroidogenic effects of Cr (VI), Chowdhury and
Mitra (1995) administered 0, 20, 40, and 60 mg/kg-day sodium dichromate by oral gavage to
male rats for 90 days.  Reduced Leydig cell population, reduced body and testicular weight, and
degeneration of testicular tissue was observed at the two highest doses.  Biochemical measures
of spermatogenic and steroidogenic impairment, including decreased testicular DNA, RNA,
protein, serum testosterone, and 3β-? 5-hydroxy steroid dehydrogenase (3β-? 5-HCH), were also
reduced at the two highest doses.  Only relatively small reductions in testicular protein, 3β-? 5-
HCH, and serum testosterone were seen in the 20 mg/kg rats.
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VI. Derivation of Chronic Reference Exposure Levels (RELs)

A. Derivation of Chronic Inhalation Reference Exposure Level for Soluble Hexavalent
Chromium Compounds other than Chromic Trioxide

Study Glaser et al., 1990
Study population Male Wistar rats (30 per group)
Exposure method Discontinuous whole-body inhalation (0, 54,

109, 204, or 403 µg Cr(VI)/m3 as sodium
dichromate aerosol)

Critical effects Bronchoalveolar hyperplasia
LOAEL 50 µg/m3

NOAEL Not observed
BMC05 12.50 µg/m3

Exposure continuity 22 hr/day, 7 days/week
Exposure duration 90 days
Average exposure 11.46 µg/m3 Cr(VI) (12.50 x 22/24)
Human equivalent concentration 24.47 µg/m3 Cr(VI) (2.1355 [RDDR] x 11.46)
LOAEL uncertainty factor Not needed in the BMC approach
Subchronic uncertainty factor 3
Interspecies uncertainty factor 3
Intraspecies uncertainty factor 10
Cumulative uncertainty factor 100
Inhalation reference exposure level 0.2 µg/m3 (0.0002 mg/m3)

The study by Glaser et al. (1990) provides the best available inhalation data that demonstrate a
dose-response relationship for various pulmonary toxicity endpoints.  The BMC05 of 12.50
µg/m3 was derived from quantal data for bronchoalveolar hyperplasia.  The presence of
bronchoalveolar hyperplasia in exposed rats is supported by other indicators of lung
inflammation, including increased total protein, LDH, and albumin in BALF (see Table 1). A
quantal-linear model analysis (U.S. EPA, National Center for Environmental Assessment,
benchmark dose software, version 1.20) of the quantal data provided the most reasonable line fit
and resulted in the lowest BMC05.  A BMC05 is considered to be similar to a NOAEL in
estimating a concentration associated with a low level of risk.  Lung histiocytosis (macrophage
accumulation) was present in nearly all exposed animals, but this quantal data set was only
suitable for a NOAEL/LOAEL approach and was not considered as direct an indicator of lung
injury as bronchoalveolar hyperplasia.

Based on OEHHA methodology, a comparison REL developed using the NOAEL/LOAEL
approach would yield 0.3 µg/m3.  Adjustment of the LOAEL of 50 µg/m3 (a NOAEL was not
observed) to the human equivalent concentration uses the same parameters as shown in the REL
derivation above.  However, a LOAEL UF of 3 is added to the existing UFs to result in a
cumulative UF of 300.

The U.S. EPA (1998) RfC of 0.1 µg/m3 is also based on data from Glaser et al. (1990), but
derived a BMC10 (16 µg/m3), as developed by Malsch et al. (1994), from continuous data of
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LDH in BALF.  Using a polynomial model provided by a different benchmark software package
(THC, Clement International Corp., Ruston LA), increasing LDH concentration in BALF with
increasing dose provided the lowest BMC10 among the various BALF endpoints.  OEHHA is
currently not developing BMCs for RELs based on continuous data.  A BMC05 derived from
quantal data and a BMC05 derived from continuous data may not have the same meaning.
Conceivably, depending on the standard deviations of the data points, the BMC05 based on
continuous data could still be above the statistically significant effect level.  OEHHA believes
that further evaluation of BMC’s based on continuous data is needed prior to their application to
RELs.

OEHHA and U.S. EPA also diverge on the assignment of the Subchronic UF.  The Glaser et al.
(1990) study indicated that chromium was still acculmulating in lung tissue at the end of 90 days.
This evidence and the fact that the study did not investigate upper airway effects and other extra-
pulmonary effects led U.S. EPA to assign a subchronic UF of 10 (U.S. EPA, 1998).  Based on
OEHHA methodology, OEHHA used a subchronic UF of 3.  In support of a UF of 3, the 18-
month sodium dichromate exposure study performed by Glaser et al. (1986), under similar
exposure conditions used in the key 90-day study, did not find histopathological evidence of lung
inflammation or major organ effects, or suggest severe chromium accumulation in exposed rats.
However, BALF analysis was not performed in the chronic study.

For comparison with the proposed REL, the occupational study by Huvinen et al. (1996)
established a NOAEL of 0.5 µg/m3 for lack of pulmonary findings.  However, this study is
deficient for REL purposes due to the lack of a LOAEL. Unfortunately, other occupational
studies suffered from lack of adequate methods or data for determining exposure duration and/or
exposure levels.  Use of an occupational time adjustment (10/20 m3 inhaled/day, 5/7 days/week)
and an interspecies UF of 10 for the Huvinen et al. (1996) study would result in an estimated
REL of 0.02 µg/m3.  Average exposure duration was 16 years, so a subchronic UF of 1 was
sufficient.
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B. Derivation of Chronic Inhalation Reference Exposure Level for CrO3 as Chromic Acid

Study Lindberg and Hedenstierna, 1983
Study population Human workers (100 exposed workers,

119 unexposed controls)
Exposure method Occupational exposure to chromic acid mist
Critical effects Nasal atrophy, nasal mucosal ulcerations, nasal

septal perforations, transient pulmonary
function changes

LOAEL 1.9 µg/m3  established as “low exposure” group
(8-hr mean < 1.9 µg/m3)

NOAEL Not observed
Exposure continuity 8 hr/day (10 m3 per 20 m3 day), 5 days/week
Exposure duration Mean of 2.5 years (range = 0.2 - 23.6 years)
Average exposure 0.68 µg/m3 Cr(VI) (1.9 x 10/20 x 5/7)
Human equivalent concentration 0.68 µg/m3 Cr(VI)
LOAEL uncertainty factor 3
Subchronic uncertainty factor 10
Interspecies uncertainty factor 1
Intraspecies uncertainty factor 10
Cumulative uncertainty factor 300
Inhalation reference exposure level 0.002 µg/m3 (0.000002 mg/m3)

The occupational exposure study of Lindberg and Hedenstierna (1983) was selected as the best
available human study.  A 3-fold LOAEL to NOAEL uncertainty factor (UF) was applied due to
the low incidence of nasal atrophy at the LOAEL (4 out of 19) and the apparent reversibility of
the lesion at this exposure level.  While Lindberg and Hedenstierna (1983) did not follow-up on
any of the active cases of nasal ulcerations, which occurred only in workers in the ‘high
exposure’ group, they did note that one worker, who exhibited nasal atrophy, had no visible nasal
lesions 4 months after termination of exposure.

U.S. EPA (1998) based its RfC of 0.008 µg/m3 for exposure to chromic acid mists and dissolved
Cr(VI) aerosols on the same study but established the LOAEL at 2 µg/m3 and applied a total UF
of 90 (3 each for the LOAEL to NOAEL and subchronic to chronic extrapolation, and 10 for
intraspecies extrapolation).  It was unclear why U.S. EPA (1998) chose UFs of 3 for LOAEL and
subchronic extrapolations.  It was also unclear why the total uncertainty factor was 90, rather
than 100, which would be obtained by following the usual convention (that the value for
uncertainty factors of “3” is actually 3.16, the square root of 10, although it is usually only
quoted to 1 significant figure).

For comparison, a REL can be estimated from the Adachi et al. (1987) study in which mice were
exposed to 1.81 mg/m3 chromic acid mist 2 hr/day, twice a week for 12 months.  Lesions were
observed in treated mice throughout the respiratory tract; a NOAEL was not determined.
Application of the exposure continuity adjustment (2/24 hr/day x 2/7 days/week), an RDDR of
2.26 (MMAD and sigma g roughly estimated at 5 and 3 µm, respectively), and a total UF of 300
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(10 for LOAEL to NOAEL, 3 for interspecies, and 10 for intraspecies) yields a REL of 0.3
µg/m3.

In addition to being inhaled, airborne hexavalent chromium can settle onto crops and soil and
enter the body by ingestion.  Thus, an oral chronic reference exposure level for soluble salts of
metallic chromium(VI) is also required for assessing risks from stationary sources in the Air
Toxics Hot Spots program.

C. Derivation of Chronic Oral Reference Exposure Level for Chromium VI (Based on
U.S. EPA RfD)

Study Mackenzie et al., 1958
Study population 8 male and 8 female Sprague-Dawley rats
Exposure method Drinking water
Critical effects No adverse effects seen
LOAEL None
NOAEL 2.4 mg/kg-day (converted from 25 mg/L of

chromium as K2CrO4)
Exposure continuity Continuous
Exposure duration 1 year
Average experimental exposure 2.4 mg/kg-day (0.11 ppm Cr(VI))
LOAEL uncertainty factor 1
Subchronic uncertainty factor 1
Interspecies uncertainty factor 10
Intraspecies uncertainty factor 10
Cumulative uncertainty factor 100
Oral reference exposure level 0.02 mg/kg bw-day

The oral REL (0.02 mg/kg bw-day) and U.S. EPA’s oral Reference Dose (RfD) of 0.003 mg/kg-
day (U.S. EPA, 1998) are based on the same study by MacKenzie et al. (1958).  No adverse
effects were reported at any dose in the study.  The highest dose group (25 mg/L) was selected
for derivation of the oral REL and RfD based on the reported body weight of the rat (0.35 kg)
and the reported average daily drinking water consumption for the rat (0.035 L/day).  Because a
LOAEL was not observed in the primary study, the subchronic NTP studies provide supporting
evidence to justify a REL based on MacKenzie et al. (1958).  Cr(VI) was administered in the diet
of rats for 9 weeks and a NOAEL of 6 mg/kg-day was observed for slightly depressed MCV and
MCH values (NTP, 1996a).  The LOAEL was 24 mg/kg-day.  The NTP (1996b, 1997) also
observed slightly depressed MCV and MCH values in mice, but at higher Cr(VI) concentrations.
While the changes are small and may be a mild adverse effect at best, the NTP (1997) noted that
decreased MCV and MCH are indicators of iron deficiency and suggested that an interaction
between chromium and iron is altering erythrocyte formation.  The liver effects noted in female
mice in the 9 week study (NTP, 1996b) were not observed in the mouse reproductive study
(NTP, 1997).  Therefore, the toxicological significance of this finding is uncertain.
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U.S. EPA (1998) applied UFs of 3 for subchronic, 10 for intraspecies, 10 for interspecies, and a
modifying factor of 3 (to account for concerns raised by the study of Zhang and XiLin (1987)) to
the NOAEL for an RfD of 0.003 mg/kg-day.  The criteria for use of modifying factors are not
well specified by U.S. EPA.  Such modifying factors were not used by OEHHA.  Because the
exposure duration in the primary study was greater than 12% of the estimated lifespan of rats,
OEHHA applied UF of 1 for extrapolation to chronic exposure.

U.S. EPA stated its confidence in the RfD as: Study - Low; Data Base - Low; and RfD - Low.
Confidence in the chosen study is low because of the small number of animals tested, the small
number of parameters measured, and the lack of toxic effect at the highest dose tested.
Confidence in the database is low because the supporting studies are of equally low quality, and
teratogenic and reproductive endpoints are not well studied.  Low confidence in the RfD follows.

OEHHA notes that more reproduction/developmental studies have been published that support
the RfD and oral REL since U.S. EPA published its findings (U.S. EPA, 1998).  In general, these
studies indicate that reproductive and developmental effects occur at doses greater than an order
of magnitude above the NOAEL established by MacKenzie et al. (1958) and the NTP (1996a,b,
1997).  However, the dose levels used were relatively high such that a NOAEL was typically
lacking.

VII. Data Strengths and Limitations for Development of the REL

The major strength of the inhalation REL for chromic acid mist is the use of human data.  The
major uncertainties for this inhalation REL is the lack of controlled and quantified exposure data
and the lack of a NOAEL in the key chromic acid study.

The suitably thorough analysis of lower airway effects and the development of a BMC from
continuous data are strengths for the Cr(VI) dust inhalation REL.  Limitations include the lack of
comprehensive data on multi-organ effects, the lack of chronic studies, the lack of upper airway
analysis in the key study, and the lack of quantified exposure data in humans. The animal studies
by Glaser et al. (1990, 1986) suggest that the lower respiratory airway is a primary target for
Cr(VI) dusts. However, occupational studies (Mancuso, 1951; Federal Security Agency, 1953;
Machle and Gregorius, 1948; Wang et al., 1994; Walsh, 1953) indicate that nasal lesions result
from exposure to Cr(VI) dusts and may, in fact, be the most sensitive indicator of human toxicity
resulting from exposure to soluble Cr(VI) dusts.   However, this finding is attenuated by the fact
that dermal exposure to chromic acid and Cr(VI) dusts due to poor hygienic practices of workers
may overestimate the airborne concentrations necessary to result in nasal lesions.

The major strength for the oral REL is the consistency of the doses resulting in NOAELs and/or
LOAELs among the major and supporting studies.  The major limitations for the oral REL, other
than the ones noted above by U.S. EPA, are the lack of lifetime exposure studies in experimental
animals and the lack of adequate oral human exposure data.
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